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ML  CHAN  ISM  OF  TITANIUM  CORROSION  IN  MINERAL 
ACIDS  AND  THEIR  MIXTURES 


A.  P.  Brynza,  L.  I.  Gerasyutina  and 
E.  A.  Zhlvotovskiy 


Acid  etching  of  titanium  in  mineral  acid  solutions  is  used  for 
removing  scale  and  removing  the  alpha-deposited  layer  from  the 
surface  [1-3].  Mixtures  of  mineral  acids  are  also  used  for  de¬ 
positing  anodic  oxide  films  on  the  surface  of  titanium.  These 
films  serve  as  sorbents  in  vacuum  technology  [*l].  The  hydrides 
which  form  in  the  mineral  acid  mixtures  insure  good  adhesion  of 
galvanized  coatings  to  the  titanium  [5].  Undoubtedly,  the  mecn- 
anism  of  the  indicated  processes  is  determined  not  only  by  the 
acidity  of  the  medium  but  by  its  anion  composition. 


This  article  examines  several  of  the  laws  governing  the 
corrosion  and  electromechanical  behavior  of  titanium  (VTI-1  brand)’ 
in  sulfuric,  hydrochloric,  and  phosphoric  acids  and  their  mixtures, 
as  well  as  in  solutions  of  the  indicted  acido  having  additives  of 
from  0.001  to  0.1  mole /l  of  sodium  chloride,  and  acid  and  normal 
sulphates  and  piosDhates  of  sodium  at  20-80°.  The  methodology  of 
corrosion  testing  and  electromechanical  measurements  is  described 
in  work  [6],  The  resultant  data  show  (Table  1)  that  the  most 
agressive  medium  with  respect  to  titanium  is  sulphuric  acid.  This 
apparently  is  associated  to  a  considerable  degree  with  the 


FTD-HT-23-153-7^ 


HW'Jki 


aM*«?4*c  -twvam-  **■» 


£*~J»-'^^,**'****«' 


stimulating  effect  oi  the  acid’s  anions,  since  with  one  and  the 
same  Hammett  function  the  rate  of  titanium  corrosion  in  sulphuric 
acid  is  greater  titan  in  hydrochloric  or  phosphorid  .acid  (Pig.  1). 
In 'order  to  activate  the  metal  with  chloride  or  phosphate  ions 
a  certain  acidity  is  necessary;  this  is  found  in  accordance  with 
the  data  of  N.  D.  Tomashov  et  al.  [7],  studying  che  effect  of 
chloride  ions  on  the  corrosion  of  titanium  in  sulphuric  acid. 
Introducing  t$ie  chloride  and  sulphate  of  sodium  into  a  solution 
of  5-5  molar  phosphoric  acid  increases  the  dissolution  rate  of 
titanium  (Table  2).  Sodium  sulphate,  as  can  be  expected,  was  more 
aggressive  than  sodium  chloride. 


Table  1.  Corrosion  rate  (v)  of  titanium  in 
solutions  of  sulphur. c,  hydrochloric,  and 
phosphoric  acid  at  different  temperatures. 
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Fig.  1.  Corrosion  rate  of 
titanium  in  phosphoric  (1), 
hydrochloric  (2)  and  sulphuric 
(3)  acid  as'  a  function  of 
acidity  hq. 


Table  2.  Corrosion  rate  of  titanium  v  in  g/m  *h* 
I  Concentration  of  additives,  mol e/Z 


Additive  1 

0 

0.5 

t 

Kifi 

10 

so 

100 

NaCl 

0.40 

0,47 

0,49  i 

m 

0,56 

0,58 

NajSOi 

0,40 

mm 

0,65 

0,68 

Ka 

0,71 

0,78 

The  dependence  of  the  titanium  passivation  current  at  the 
passivation  potential  (<f>  *  -0.20  V)  on  salt  concentration  is 
described  by  the  exponential  function 

i  =  aCb  exp  , 


where  a  and  b  are.  constants;  8  is  the  apparent  transfer  coefficient; 
n  is  the  number  of  electrons  participating  in  the  electrode  reaction 
which  takes  the  form  of  straight  lines  in  the  coordinates  lg  i  vr. . 
lg  C  (Fig.  2). 

The  results  obtained  make  it  possible  to  propose  that  chloride 
and  sulphate  ions,  by  absorbing  on  the  surface,1  play  an  indirect 


]The  positive  charge  of  the  titanium  surface  (<f>CT  =  0.2  V  while 

the  potential  of  its  negative  charge,  according  to  the  data  of 
various  authors,  is  -0.76  [8]  or  -1.04  V  [9]'  facilitates  anion 
absorption . 
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part  in  accelerating  the  electrochemical  stage  of  the  anion  dis¬ 
solution  process  C 103 -  Apparently,  as  a  result  of  specific 
absorption  a  surface  complex  forms,  which  hydrates  and  easily  loses 
connection  with  the  main  mass  of  metal  and  transfers  into  solution. 
This  leads  to  the  ionization  of  an  atom  entering  into  the  complex 
which,  in  turn,  removes  the  overvoltage  of  the  process  of  metal 
dissolution. 

Acid  and  normal  sodium  phosphates  slightly  dedrease  the 
titanium  corrosion  rate  (Pig.  3).  The  inhibiting  effect  of  phos¬ 
phates  increases  in  isoacidic  (i.e.,  those  having  identlal  Hammett 
acidity  functions)  solutions  of  sulohuric  and  hydrochloric  acids  in 
proportion  to  their  increased  concentration.  The  effectiveness 


Fig.  2.  Fig.  3. 


Fig.  2.  Dependence  of  titanium  passivation  currents  (<j>  =  -0.2’) 
in  5*5  molar  phosphoric  acid  on  sodium  sulphate  (1,  2),  hydro¬ 
sulphate  (3,  4),  and  chloride  (5,  6)  concentration  at  40°. 

Rate  of  potential  change,  V/s :  1,  3,  5  -  0.55*10"^;  2 ,  h ,  6  —  Q*10~J 

Fig.  3.  Dependence  of  inhibiting  effects  of  primary  (1,  1’), 
seconardy  (2,  2’),  and  tertiary  (3,  3’)  sodium  phosphates  on  tem¬ 
perature  in  6.2  molar  hydrochloric  (1-4)  and  5*3  molar  sulphuric 
(l»-4* )  acids. 

4,  4’  -  addition  of  1.4  mol e/l  phosphoric  acid. 
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of  phosphates  as  corrosion  inhibitors  for  titanium  increases  in 
the  series  NaHgPO^,  NagHPOg,  Na^PO^.  As  inhibitors  the  phosphates 
are  more  effective  in  hydrochloric  acid.  Their  -inhibiting  effect 
Increases  with  temperature,  achieving  a  maximum -it  ^0°  (see  Table 
3).  This  provides  the  basis  on  which  to  assumethat  the  phosphates 
are  chemisorbed  on  the  surface  of  titanium.  Chemical  absorption 
is  possible  only  for  particles  with  great  energy  reserves.  There- 
fore,  chemisorption  occurs  at  a  noticeable  rate  only  at  increased 
temperature.  However,  with  an  inordinate  temperature  increase 
increased  particle  desorption  is  possible;  this  reduces  the 
Inhibiting  effect.  Indicative  of  this  absorption  mechanism  is 
the  fact  that  the  data  regarding  the  dependence  of  corrosion  rate 
and  currents  of  anode  diffusion  of  titanium  on  phosphate  con¬ 
centration  agree  with  the  equation  of  the  Langmuir  isotherm  of  ad¬ 
sorption,  modified  as  applied  to  corrosion  [11],  and  graphically 
represent  straight  lines  in  the  coordinates  Ig  [(vQ/v)  -1]  -  lg  C 
Pig,  4. 


Pig.  iJ.  Dependence  of  the 
quantity  on  con¬ 

centration  of  tertiary 
sodium  phosphate  in  5.3  M 
sulphuric  (1)  and  6.2  M 
hydrochloric  (2)  acid  at 
40°. 


The  special  features  and  laws  governing  the  corrosion  resis¬ 
tance  and  electrochemical  behavior  of  titanium  in  mineral  acids 
having  anion  additives  and  previously  published  data  [12]  on  the 
corrosion  and  electrochemical  behavior  of  titanium  in  mixtures  of 
acids  were  used  as  the  basis  for  selecting  a  solution  in  which  the 
chemical  removal  of  oxides  from  the  titanium  surface  would  be 
possible.  Oxidation  of  titanium  leads  to  the  formation  of  an  outer 
layer  of  Ti02  oxide  and  a  Ti0  layer  securely  fastened 
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to  the  metallic  base  [133*  According  to  published  data,  TfO 
dissolves  better  in  sulphuric  than  in  hydrochloric  acid  [1*0. 
Accordingly,  and  also  because  lifting  of  the  spale  must  be  in¬ 
jured  during  etching,  sulphuric  acid  was  introduced  into  the 
solution.  However,  during  etching  poorly  soluble  phosphates  can 
form  in  it;  by  screening  the  metal  surface  these  can  facilitate 
nonuniform  etching.  Uniform  etching  is  possible  with  chlorideior.s, 
since  the  easily  soluable  product  of  the  TiCl^  reaction  is  drawn 
away  from  the  metal/solution  interface.  To  insure  uniform  etching 
sodium  chloride  was  added  to  the  etching  solution. 

The  work  tested  the  possibility  of  using  mixtures  of  sulphuric 
and  phosphoric  acid  with  sodium  chloride  additives  for  the  chemical 
removal  of  scale  from  titanium.  The  most  important  technical 
characteristic  of  the  metal  etching  process  is  its  rate,  which  is 
associated  with  the  change  of  potential.  This  work  studied  the 
time  dependence  of  tht  amount  of  etched  metal  and  scale  during 
parallel  measurement  of  the  potential  of  samples  in  acid  solutions. 

It  also  determined  the  hydrogen  content  in  the  samples  after  etching. 
The  effectiveness  and  quality  of  the  etching  were  determined  by  its • 
duration,  overall  weight  losses,  external  appearance  of  specimens, 
and  hydrogen  content  after  etching.  Alloy  samples  heat  treated 
at  temperatures  of  780-820°  were  used  for  the  study.  The  time 
dependences  of  potential  <t>  (<j>  vs  x  curves)  and  weight  loss  with 
respect  to  a  unit  area  of  the  visible  surface  of  scale-covered 
VT1-1  alloy  samples  (curves  (AP/S)  -x)  were  studied.  It  was  found 
that  tie  process  of  scale  removal  consists  of  the  following  periods: 
1)  induction  when  the  scale  is  impregnated  by  the  solution:  in  this 
period  there  is  no  noticeable  weight  change;  2)  main  period  - 
rapid  deterioration  of  potential  and  considerable  sample  losses; 

3)  the  period  of  etching  of  scale  residues  and  dissolution  of 
the  metal  itself;  the  standard  potential  approaches  that  f^r  the 
metal  stripped  cf  oxlues. 

As  the  content  of  sodium  chloride  in  the  solution  during 
the  induction  period  increases,  consequently,  the  descaling  time 


decreases.  Thus ,  the  descaling  time  without  sodium  chloride  in  '  ;-f 

5*3  H  sulphuric  acid  is  145  win.  /and  with  She  addition  of  50  g /% , 

120  min.  Additions  of  phosphoric  acid  slow  down  the  etching 
process  of  titanium  alloys  slightly,  from  120  to  1*5  min  with  the 
addition  of  3  M  phosphoric  acid.  Introducing  phosphoric  acid  > 

•  reduces  the  amount  Of  hydrogen  in  the  samples  from  0.08  to  0.04%,' 
while  the  hydrogen  content  after  clarification  of  the  surface  is 
reduced  to  0,024%  {the  hydrogen  content  in  the  original  titanium 
samples).  Consequently,  during  the  indicated  etching  regime  all 
the  hydrogen  concentrates  in  the  surface  layer,  forming  hydrides 
which  protect  the  titanium-  surface  from  corroding.  It  is  an 
advantage  that  the  proposed  mixture  of  mineral  acids,  as  opposed 
to  those  used  [1-3],  does  not  contain  fluorides  and  silicon  fluorides 

CONCLUSIONS 

V 

1.  -^he  corrosion  resistance  and  electromechanical  behavior  of 
titanium  in  solutions  of  sulphuric,  hydrochloric,  and  phosphoric 
acid  in  the  20-80®  temperature  interval  were  studied.  It  was 
shown  that  given  Identical  solution  acidity,  the  most  aggressive 
with  respect  to  titanium  is  sulphuric  acid. 

* 

2.  The  addition  of  sodium  chloride  and  sulphate  to  phosphoric 
acid  stimulates  titanium  dissolution;.  the  stimulating  effect  of  the 
sulphate  Ions  is  expressed  to  a  greater  degree  than  those  of  the 
chloride.  Sodium  phosphates  slow  down  titanium  corrosion  in 
sulphuric  and  hydrochloric  acid  slightJy.  The  most  effect  in  this 
respect  is  tertiary  sodium  phosphate. 

3.  A  foundation  was  developed  for  selecting  a  solution  for  the 
chemical  removal  from  the  titanium  surface  of  scale  which  forms  on 
its  surface  at  780-820°. 


FTD-HT-23-1 53-7 4 


7 


BIBLIOGRAPHY 

1.  C.  A.  Ityuiaxeeun,  9.  /»'.  Xanana.  CG.  *T panapiir.e  ii  of>c-3/Kiinn:>anno  TpyG  ns  CTaaefi 
H  cnnanon*.  «MeTaj!nyprriji»,  1967,  c.  25i'. 

2.  H  Botena.’fxrKax,  JI.  If.  JxpjMoeun.  CG.  *T panapinio  n  o6e3>KnpHBaiine  TpvG  n.i 
<TaJipfi  n  cnaaoonv.  «MeTn;i:iypnui»,  1967,  c.  226. 

3.  A.  If.  Epunsa,  Ji.  II.  IS.iacoaa,  K).  II.  IfopvOa’auu  ii  ap.  CG.  eTnan.ienne  n  ooe3/Kit- 
pnr.dBne  xpyG  113  CTaneti  v.  ciinanom.  *MeTaaaypni>r',  1967,  c.  246. 

4.  I\  i".  HapnoiKO.  Hcc.neaonaHne  n  paapaooTKa  npouccca  ToacTocTeimoro  anoanpoBannn 
Tiitana.  AnTopeiJ).  Kana.  aiicc.  XapbKoucKiiu  iiojT.itcxiihh.  ijh-t,  1968. 

5.  I’.  M.  Caeueea.  AacopGuna  Bo.nopofla  na  tht.iup  n  pc  poai.  ;ipn  uancccmni  raJibBami- 
mcckiix  noKpbrrnn.  ABTopecji-  xsh/i.  /nice.  KaaancKiin  yn-T,  1967. 

6.  A  II.  fipunec.,  JI.  II.  fepaaomuua.  }K.  npnnji.  xhm.,  1962,  35,  08. 

7.  JI.  ToMdmoe,  P.  M.  A.umoec.  uii.  H\.  qm:».  xhm.,  1959,  33,  610. 

8.  ./.  If .  Anmponoe.  Ynp.  xhm.  jnypii.,  1963,  29,  555. 

r-  JI.  E.  XoMymoe.  .Kypn.  xnMiiu,  1962,  36,  2721. 

10.  R.  M.  h'oAomupxun.  3anuiTa  MeTaanoa.  1967.  3.  131. 

11.  .7.  A.  Mapuneuu,  If.  H.  Rlyx.  CG.  «Knppo3R/j  11  samirra  KniicrpiKiiiioHiiwx  MPTa.naii- 
necKiix  MaTepuaaoiP.  Ma'iinia,  1961,  c.  93. 

12.  A.  II.  Rpwsa.  JI  II.  Eepacmuina,  9.  A.  fflitncmoccMiii.  3aranTa  MCTaa.ion,  1968, 
4,  488. 

13.  I'.  A.  Cmo. wms,  P.  II.  Ilptf/xp.  Mpto;u->  onncTim  ncappxnocTH  Tinana  UpoTiiwe 
MPTaaau,  1956,  Kt  5. 

14.  M.  Chcne,  C.  DeitehberR.  O.  Martin— Hot  ret.  Ana.  chim.  onalyt.,  1946.  28,  197. 

15.  If.  C.  A  minion,  C.  A  lopftynoa  }}{.  npitiui.  mim  ,  1961,  34,  4. 


